shows a strong bias to 6-membered lactams over the 5-membered analogues, which can be explained by a greater reactivity of the six-membered palladacycles.
Introduction

Results and Discussion
As part of an ongoing research project on bioorganometallic chemistry, 11 we attempted the cyclometallation of imines RCH=NC(Me)(CH 2 Ph)(COOMe) (2a: R = 4-ClC 6 H 4 ; 2a': R = 2,6-Cl 2 C 6 H 3 ), derived from a quaternary α-amino ester, with Pd(AcO) 2 in toluene or acetic acid solution. Ligand 2a was obtained by alkylation of imine 1a with a mixture of KOH, K 2 CO 3 and benzyl bromide and ligand 2a' was prepared from amino ester 3a (obtained by hydrolysis of the imine 2a) via a condensation reaction with 2,6-dichlorobenzaldehyde. The direct alkylation of the imine 1a', 2,6-Cl 2 C 6 H 3 CH=NCH(Me)(COOMe), gave low yield of 2a', probably the steric hindrance of the di-ortho chloro substituted fragment (Scheme 1) hampers the process. not produce the expected imine palladacycles. Only compound 5a, [PdCl(CN)(PPh 3 )] (being CN the metallated amino ester) was isolated in low yield, after subsequent reaction with LiCl and PPh 3 . Reaction of the free amino ester 3a under the same conditions produced palladacycle 5a in a much better yield, 50% (Scheme 2). Nevertheless, proton NMR batch monitoring of the reaction between 2a and palladium acetate, under milder conditions, allowed the detection of the metallated imine (see below).
The preferential metallation of the aminoesters with respect to the corresponding imine derivatives is an unexpected result because closely related imines, derived from methyl glycinate, alaninate, valinate and tyrosinate, have been reported to metallate in good yields; 11c furthermore, the cyclometallation of primary amines has always been considered problematic. 12 Bearing these facts in mind we tried to extend the above cyclopalladation process to amino esters 3b-f (Scheme 2), readily obtained by alkylation of the imines arising from commercial α-amino acids or α-amino esters hydrochlorides by standard procedures. 13 These were selected in order to study the influence of the different variables (size of the metallacycle formed, substituents in the aromatic ring, and steric bulk) in the process. Thus, ligand 3f seems especially interesting due to the fact that it can afford two different metallacycles: one by activation of an unsubstituted benzene ring and the other by metallation of a MeO substituted aromatic ring. Ligand 3b is also remarkable as it can afford either a five-or a sixmembered metallacycle, depending on which aromatic ring undergoes the metallation reaction. 4f(H) 5f(H); 75% b 5a, R 1 = Me, R 2 = H, X = Cl; 50% 5c, R 1 = i Pr, R 2 = H, X = Cl; 45% 5d, R 1 = Me, R 2 = F, , X = Br; 50% 5e, R 1 = Me, R 2 = NO 2 , X = Cl; 35% 
• X = Cl for 5a and 5c(6), and X = Br for 5c. -14±2 a Not measured given the impossibility of separation of the 5-and 6-membered cyclometallation contribution under the conditions needed. b Proton NMR monitoring at different temperatures of the final 5-to 6-membered cyclometallated compound ratio allows the estimation of k 5-membered /k 6-membered value and thus the contribution of each reaction to the overall process. At a first glance it is evident that the cyclometallation of amino esters 3a, 3b and 3f in toluene are definitively faster than for other N-donor ligands previously studied. 14,17 For amino esters 3a and 3b it is also clear that this effect is related with a noticeable decrease in ΔS ╪ requirements, while for amino ester 3f the difference in ΔH ╪ is responsible for this fact. In this respect, the feasibility of the separation of the five-and six-membered contributions to the metallation of amino ester 3b, by NMR measurements on the final reaction mixture, allows a deeper view of the differences. While the differences in ΔH ╪ favor the formation of the five-membered metallacycles, the entropic terms indicate a less demanding process for the formation of the six-membered derivative, probably due to the greater flexibility of the starting material arrangement. increase in the enthalpic demands and less negative entropy, accompanied by practically the same compression. Obviously, the existence of some interactions between the polar groups of the amino ester and the acetic acid used as a solvent have to be considered responsible for this observed difference. In this respect, the X-ray determined structure of 5a, 5c and 5b ( This specificity can also related with the Thorpe-Ingold effect 2b,20 (or gem-dimethyl effect)
that improves the outcome of organic cyclization reactions when alkyl substituents are present on the acyclic carbon backbone. Nevertheless the role played by others factors such as ΔH ╪ or the hydrogen bond interactions, when acetic acid is used as a solvent, can not be discarded.
Catalytic results
The great tendency showed by the free amino esters studied to undergo cyclopalladation prompted us to study their palladium-catalyzed NH 2 -directed carbonylation at low pressure.
Initially palladacycle 4a was carbonylated to benzolactam 6a with CO (1 atm) in different solvents at room temperature, thus indicating the feasibility of the process. From then the palladium acetate-catalyzed carbonylation of racemic amino acid 3a, using Cu(AcO) 2 /O 2 as the oxidant in toluene, was studied. Unfortunately, only urea 7a (Table 3) was obtained under different experimental conditions, not the expected benzolactam 6a. Given the strong accelerating effect of acetic acid in Pd(AcO) 2 -catalysed reactions, 21 we swapped to this solvent. Under these conditions, the desired 6a lactam was obtained although contaminated with acetamide 8a. The best ratio being 6a/8a = 64/36 in a 91% yield. Since the formation of acetamide may also be favored by the Cu(II) salts which can enhance the amide bond formation, 22 an alternative oxidant was tried; benzoquinone proved to be the better choice (Table 3 ). The best results were obtained with a 1.5×10 -2 M solution of 3a in refluxing AcOH using 5% molar Pd(AcO) 2 and an amino ester/benzoquinone molar ratio of 1:2. Under these conditions the yield was 91% and the benzolactam/acetamide ratio was 90 : 10 (entry 3). respectively. From the data it is clear that the steric hindrance of the R and R' groups plays a crucial role in the process. Thus, the carbonylation of methylphenylalaninate produced a rather low benzolactam/acetamide ratio: 46/54 (R' = H, entry 4), which improved for compound 3a (Table 3) . Even no acetamides were found in the preparation of 6g, 6f and 6h bearing larger R' groups (entries 1-3, R' = propyl, benzyl, and para-methoxybenzyl respectively). An increase in the steric hindrance around the amino group prevents competitive acetylation. Interestingly, the presence of the ester group is not essential for the success of the catalytic carbonylation (entry 6). However, the presence of a neighboring The reaction is also found highly sensitive to the size of the benzolactam formed, no fivemembered lactams were detected when the reaction was performed with ligands 3s, 3t and 3u (Scheme 4). Nevertheless a 57% yield of the five-membered lactam 6r was obtained from triphenylmethylamine with a total selectivity. It should be noted that, in this last case, the corresponding amino ester presents a larger steric hindrance around the amino group. These results are in sharp contrast with those reported by Orito et al. 8 for the related carbonylation of secondary amines using Cu(II) as co-oxidant in which the five-membered benzolactams were favored over the six-membered analogues. A greater reactivity of the six-membered palladacycles involved could explain this result. To assess this assumption, the reactivity of the six-and five-membered cyclopalladated derivatives 4g and 4u (Scheme 5) with CO was studied. Thus, after 1 hour of reaction at 50 ºC, the six-membered benzolactam 6g was obtained in a 80% yield from 4g whereas 4u
afforded only a 10% of compound 6u, in full agreement with the catalytic results (Scheme 5). 
Stepwise preparation of lactam 6b(5):
A stirred solution of palladacycle 4b(5) (110 mg, 0.125 mmol) in AcOH (25 mL) was gently refluxed in an oil bath at 120 ºC in an atmosphere of nitrogen containing carbon monoxide delivered from a toy balloon (~200 mL) for 3 h. The reaction mixture was cooled, a filtered through a thin pad of Celite ® . The volatiles were removed under vacuum and the solid obtained was purified by flash chromatography to afford 6b(5) (61 mg, 86%).
Methyl 1-benzyl-3-oxoisoindoline-1-carboxylate, 6b (5) 5, 132.5, 130.8, 129.8, 129.5, 128.7, 127.7, 124.0, 123.3, 68.8 (q) 
Catalytic synthesis of benzolactames
Typical Procedure: A stirred suspension of methyl 2-amino-2-benzyl-3-phenylpropanoate 3h (100 mg, 0.38 mmol), benzoquinone (83 mg, 0.76 mmol) and palladium acetate (4.5 mg, 0.02 mmol) in AcOH (25 mL) was gently refluxed in an oil bath at 120 ºC in an atmosphere of nitrogen containing carbon monoxide delivered from a toy balloon (~200 mL) for 6 h. The reaction mixture was cooled, a filtered through a thin pad of Celite ® . The volatiles were removed under vacuum to obtain a solid corresponding to almost pure benzolactam 6h. The residue was purified by flash chromatography to afford 6h (105 mg, 93%). 135.6, 132.9, 128.9, 128.5, 128.2, 128.0, 127.8, 127.7, 127.5, 125.3, 64.3 (CNH) 9, 164.5, 164.4, 145.4, 144.2, 135.4, 129.1, 127.4, 121 5 (q), 134.0 (q), 132.7, 129.7, 128.7, 128.2, 127.8, 127.6, 127.5, 62.8 136.7, 135.9, 132.8, 130.4, 128.5, 128.1, 128.0, 127.1, 126.9, 65.7 (CNH), 58.4, 33.7, 30.9 9, 130.7, 128.8, 127.9, 120.1, 111.2, 58.9 (CNH) 165.5, 156.0, 129.1, 127.2, 120.5, 114.8, 62.3, 52.8, 40.5, 35.8, 17.1, 13.9 9, 164.7, 154.7, 135.2, 130.3, 128.7, 117.2, 115.4, 71.5, 55.7, 53.1, 39.0, 29.6, 23.1, 14.8, 14.1, 10.4 142.7, 138.1, 132.4, 130.5, 128.7, 128.5, 128.0, 127.9, 127.0, 126.3, 124.5, 124.3, 71 
Crystallography
A prismatic crystal of 5a, 5c or 5b(6) ( Table S1 ) was selected and mounted on a MAR345
diffractometer an image plate detector. Unit-cell parameters were determined from 332 (for 5a), 1574 (for 5c), and 719 (for 5b(6)) reflections, in the range, 3 < θ < 31º, and refined by least-squares methods. Intensities were collected with graphite monochromatized Mo Kα radiation. The number of reflections collected were 11514 (for 5a), 15530 (for 5c), and 13074
(for 5b (6)), in the ranges 1.65° ≤ θ ≤ 30.65°, 1.65° < θ < 32.32°, and 1.57° ≤ θ ≤ 30.67°, for 5a, 5c and 5b(6), respectively}, of which 6314 (for 5a), 8579 (for 5c and 7050 (for 5b(6))
were non-equivalent by symmetry. The number of reflections assumed as observed applying the condition I > 2σ(I) were 5492, 6203 and 6874 (for 5a, 5c and 5b(6), respectively).
Lorentz-polarization corrections were made.
The structures were solved by Direct methods, using SHELXS computer program 28 and refined by full-matrix least-squares method with SHELX97 computer program 29 using 11514, 15530, and 13074 reflections for 5a, 5c and 5b(6), respectively, (very negative intensities were not assumed). (6)) and P = (|Fo| 2 +2|Fc| 2 )/3; ƒ, ƒ', and ƒ" were taken from the bibliography. 30 The final R(on F) factor was 0,0357, 0.0660 and 0.0313 for 5a, 5c and 5b(6), respectively and the goodness of fit values equal to 1.127 (for 5a), 1.050 (for 5c), and 1.195
(for 5b(6)). Further details concerning the resolution and refinement of these crystal structures are given in Table S2 .
Kinetics
The kinetic profiles for the reactions were followed by UV-Vis spectroscopy in the 700-300 nm range. Atmospheric pressure runs were recorded on HP8452A or Cary50 instruments equipped with thermostated multicell transports. Observed rate constants were derived from absorbance versus time traces at the wavelengths where a maximum increase and/or decrease of absorbance was observed. For runs at variable pressure, a previously described pressurizing system and pill-box cell was used; 31 the system was connected to a J&M TIDAS spectrophotometer which was used for the absorbance measurements. The calculation of the observed rate constants from the absorbance versus time monitoring of reactions, studied under second or first order concentration conditions, were carried out using the SPECFIT software. 32 The general kinetic technique is that previously described. 32 The solutions for the kinetic runs were prepared by mixing the calculated amounts of stock solutions of the palladium compounds and the metallating ligands in the desired solvent. In all cases no dependence on the concentration of palladium was detected and it was kept in the (2-5)×10
−4
M margin. 
